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PRELIMINARY AMENDMENT 



Assistant Commissioner for Patents 
Washington, D.C. 20231 

Dear Sir: 

Prior to examination of the above-captioned application, please amend the appHcation as 
follows: 

IN THE SPECIFICATION: 

Please amend the specification as follows: 

On page 1, line 2, please insert- Field of the Invention 

On page 1, between lines 6 and 7, please insert- Background of the Invention 

On page 1, between lines 23 and 24, please insert- Summary of the Invention -; 

On page 3, between lines 29 and 30, please insert- Brief Description of the Drawings — ; 

On page 4, between lines 4 and 5, please insert- Detailed D escri ption of the Invention ~; 

On page 7, line 1, please replace '^Claims" with- WHAT IS CLAIMED IS: - 
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IN THE CLAIMS: 

Please amend the following claims as indicated: 

Please cancel Claims 1-16 as originally filed and Claims 1-12 as amended during 
international examination without prejudice. 



Please add the following new claims: 

17. (New) A method of rotating a disc-shaped object, comprising: 

floatingly positioning a disc-shaped object in a substantially horizontal position in 
a compartment including a horizontal top part located above said object and a horizontal 
bottom part located below said object, wherein at least one of said top part and bottom 
part includes a pattern of grooves and gas-introduction holes located in said part 
including said grooves and oriented perpendicular to a surface of said part including said 
grooves; 

injecting a gas flow into the compartment through the gas-introduction holes; and 
diverting said gas flow after injection into said compartment into a direction along 
said grooves to impart rotation to said object, wherein said gas flow provides for a 
rotation generating component that is tangential to a periphery of said object. 

18. (New) The method of Claim 17, wherein rotation generating gas flow is introduced at 
an upper major surface of said object and a further gas flow is directed along a lower planar 
surface of the object for supporting said object in a floating manner. 

19. (New) The method of Claim 17, wherein said gas flow giving rotation to said object 
is controlled using a pattern of spiral grooves, wherein an origin of said spiral grooves lies in 
proximity of a desired center of the object, and a end of said spiral grooves Ues in proximity of a 
periphery of said object, 

20. (New) The method of Claim 17, wherein the said gas flow giving rotation to said 

object is controlled using a pattern of grooves comprising circle segments, wherein each of said 
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circle segments is provided with at least one gas-introduction hole arranged in proximity of one 
end of said circle segments. 

21. (New) The method of Claim 20, wherein each of said circle segments provided with 
at least one gas-introduction hole arranged in proximity of one end of said circle segments is 
provided with at least one gas-discharge hole arranged in proximity of an opposing end of said 
circle segments. 

22. (New) A reactor for the floating, rotational treatment of semiconductor wafers, 
comprising a top part and a bottom part between which a chamber for accommodating a wafer is 
delhnited, said top part and said bottom part being provided with gas-introduction holes for 
discharging gas into said chamber, wherein said gas-introduction holes are oriented essentially 
perpendicular to a surface of the top part and a surface of the bottom part, and that a pattern of 
grooves is arranged in the surface of at least one of said parts, said pattern of grooves being 
designed to impart to gas entering into said chamber from said gas-introduction holes a flow 
component which is tangential to a periphery of a wafer held within said chamber, 

23. (New) The reactor of Claim 22, wherein said pattern of grooves comprises a pattern 
of spiral shaped grooves, wherein an origin of said spiral lies in proximity of a desired center of 
the wafer, and wherein an end of said spiral lies in proximity of a desired periphery of the wafer. 

24. (New) The reactor of Claim 23 wherein in at least one of the parts having grooves in 
its surface the gas-mtroduction holes are arranged along a spiral Ime, wherein the origin of said 
spiral lies in proximity of the desired center of the wafer, and wherein the end of said spiral Hes 
in proximity of the desired periphery of the wafer. 

25. (New) The reactor of Claim 23, wherein said gas-introduction holes are arranged 
next to said spiral shaped grooves. 

26. (New) The reactor of Claims 23, wherein said spiral shaped grooves are designed so 
as to widen in a direction of a flow of gas. 
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27. (New) The reactor of Claim 22, wherein said pattern of grooves comprises circle 
segments, and wherein each of said circle segments is provided with at least one gas-introduction 
hole arranged in proximity of one end of said circle segments. 

28. (New) The reactor of Claim 27, wherein each of said circle segments, which is 
provided with at least one gas-introduction hole arranged in proximity of one end of said circle 
segments, has at least one gas-discharge hole arranged in proximity of an opposing end of said 
circle segments. 



The foregoing amendments are to more closely conform the application to U.S. practice. 
No new matter is added. Entry of the amendments is respectfully requested. 



REMARKS 



RespectfiiUy submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP 




Gordon H. Olson 
Registration No. 20,319 
Attorney of Record 
620 Newport Center Drive 
Sixteenth Floor 
Newport Beach, CA 92660 
(949) 760-0404 
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Method and device for rotating a wafer 



The present invention relates to a method for rotating a disc-shaped object, such 
as a wafer, wherein along a side of said object a gas flow is directed, giving a rotation to 
5 said object, wherein said gas flow is given the rotation generating component being 
tangential to said object by a pattern of grooves. 

Such a method is known from US-A-3706475, In this specification a device is 
disclosed for transporting wafers. The device comprises an elongated trajectory and from 
the lower side gas is added in such a way that except from a transferring movement also a 
10 rotating movement is given to the wafer. 

From US-A-393068 a method is known for rotating an object such as a wafer 
from semi conducting material placed in a reactor. During the treatment of a single wafer 
which is held floating in a reactor, it is important for a treatment of this nature to be carried 
out as uniformly as possible. For this purpose, it is proposed, in the prior art, to impart a 
15 rotational movement to the wafer. This rotational movement is imposed, according to the 
prior art, by having the gas-introduction openings opening out not perpendicular to the 
wafer surface, but rather having them end at an acute angle with respect to the wafer surface 
("directional air jets'')- As a result, a propulsive movement is imparted to the wafer. 

However, drilling the gas-introduction openings in this way has proven to be 
20 particularly complicated while, in addition, the rotational speed which can be achieved is 
limited, owing to the fact that the gas which flows out very quickly loses its tangential flow 
component. Moreover, reactor walls of this nature are complicated to produce, since 
openings have to be drilled at an angle Avith respect to the wall. 

The object of the present invention is to avoid these drawbacks while 
2 5 nevenheless maintaining the rotation of the wafer and making it possible, in a relatively 
inexpensive and simple manner, to impose a rotation of this nature on the wafer. 

It is a further aim of the subject invention to accurately position the wafer to 
realise effective treatment thereof 

This aim is realised with the method as described above in that, said object is 
30 floatingly received in a compartment being closed on all sides, said object being 

substantially rotating only and in that along the other side of said object, a further gas flow 
is directed. 

Through the presence of a groove pattern the gas flow is given a component of 
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movement extending tangentially to the wafer, i.e. gives a rotating movement to the wafer. 

Furthermore, the wafer is subjected from the other side to a further gas flow, so that this is 
accurately positioned in the reactor. Also the gas flows are controlled and provided such 
that the wafer substantially only rotates and does not execute a translating movement. 

According to a preferred embodiment gas flow is blown in a direction 
substantiail) pcipcndicular io said object tfom a gas introduction opening in the reactor. 

Surprisingly, it has been found that by providing a pattern of grooves it is 
possible to affect the direction of flow of the gas. The gas will preferably begin to flow in 
the direction of the groove, since this is the path of least resistance. The gas flow is guided 

IC m this way over the entire distance winch the groove covers. If the direction of the groove 
contains a tangential component, a tangential flow component is also imparted to the gas. 
This tangential flow component imposes rotation on the wafer. Grooves of this nature can 
be produced relatively easily by milling. The pattern of grooves may have any desired 
shape. According to an advantageous design, the pattern of grooves is arranged in the shape 

15 of a spiral. In this case, the grooves are preferably arranged in such a manner that the spiral 
starts in the vicmity of the centre of the wafer and ends in the vicinity of the circumferential 
edge thereof The desired rotational speed can be set by means of the shape of the spiral 
grooves. The total quamm- of gas supplied to the wafer can therefore be selected 
independendy of the desired rotational speed and can be set in such a manner that optimum 

2 : axial and radial support and a uniform process result can be obtained. This can be achieved 
fay adapting the shape of the spiral grooves. As a result, it is possible to work with 
comparatively small quantities of gases, as is desirable in order to maintain the uniformity 
inside the reactor. 

This uniformity' can be increased still further by also arranging the openings 
2 5 from which the gases emerge in a spiral pattern. This means that, according to a preferred 
embodiment, the openings extend essentially perpendicular to the surface of the wafer, but 
if these openings are joined by an imaginary line, the result is a spiral whose origin 
preferably also lies in the vicinity of the desired centre of the wafer and whose end lies in 
the vicinity of the circumferential edge thereof. During rotation, a point on the wafer does 
not always "see" the same openings arranged in a circle, which in the prior art causes an 
annular treatment pattern. 

The combination of the rotation and the spiral pattern of gas-introduction 
opemngs results in a particularly uniform distribution of the treatment gases and a 
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particularly uniform treatment of the wafer surface. 

Another possible design of ihe paltem of grooves consists in constructing this 
pattern from one or more circle segments. In this case, it is important for a gas-introduction 
opening to be situated in the vicinity of one of the ends of the groove. In this case too, the 
gas flow will preferably begin \o flow in the direction of the groove. Since the direction of 
the groove is perfectly tangential dus method of rotational urivirig has proven particularly 
effective. Another advantage of this variant is that the rotational driving is virtually 
independent of the axial bearing of the wafer or, in other words, of the gas flow which 
keeps thf wafer ^oatirta. For examnle it is possible to increase or interrupt the gas flow for 

10 providing the rotational drive, while the gas flow for keeping the wafer floating is 

maintained at a constant level. As a result, the rotational speed of the wafer changes, while 
the other conditions in the reactor remain virtually unchanged. Positioning the grooves, 
which are arranged as circle segments, in the vicinity of the edge of the wafer maximises 
the drive moment and the efficiency of the rotational drive. Also arranging a gas-discharge 

15 opening in the vicinity of the other end of the groove further increases the efficiency of the 
rotational drive. The direction of rotation is reversed by reversing the direction of flow of 
the gas through the rotational drive groove. 

According to a further preferred embodiment the gas flow imposmg rotation to 
the wafer is, in the case that the wafer is in horizontal position in the reactor, introduced at 

2 0 the upper side of the wafer. I.e. rotational drive can be realised both from above, from 
below as well as from both sides. 

The invention also relates to a reactor for the floating, rotational treatment of 
semiconductor wafers, comprising a top part and a bottom part, between which a chamber 
which accommodates the wafer is delimited, the said top part and bottom part being 

2 5 provided with gas-supply openings, the gas-introduction openings extending essentially 
perpendicular to the top part and/or bottom part and a pattern of grooves, which imparts to 
the said gas flow a component which is tangential with respect to the said object, being 
arranged in at least one of the said parts. 

This reactor may be provided with the particular designs described above. 
The invention will be explained in more detail below with reference to an 
exemplary embodiment which is illustrated in the drawing, in which: 

Fig. 1 shows a diagrammatic, sectional view of a reactor which is provided with 
a wafer arranged floating therein; 
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Fig. 2 shows a plan view of the cross section taken on line II-II from Fig. 1 ; 
Fig. 3 diagrammatically shows a spiral with a few important parameters, and 
Fig. 4 shows a plan view of a variant of the pattern of grooves according to the 



invention. 

5 In Fig. 1 , a reactor is denoted overall by 1 . This reactor is shown only in part 

and comprises a top part 2 and bottom part 3. In any desired way, which is not illustrated, a 
wafer 10 may be accommodated in the chamber or treatment space 12 delimited between 
these parts 2 and 3. The treatment gas for the wafer is introduced via gas-introduction 
openings 4 both above and below^ the wafer, and this wafer then adopts a floating position, 

10 Gas is discharged via discharge openings 7 which may be of any conceivable form and 
emerge at a circumferential channel 6 which is connected to a discharge line 5. 

In order to impart rotation to the wafer, the top part, as can be seen from Figs. 1 
and 2, is provided with a number of grooves 9. These grooves 9 are spiral-shaped, and the 
origin of the spiral lies in the vicinity of the aimed centre 1 1 of the wafer 10. The end of the 

15 spiral is situated in the vicinity of the circumferential edge of the wafer Grooves 9 with the 
shape of a logarithmic spiral are chosen, as illustrated in Fig. 3. In this figure, the grooves 
are denoted by 9. while the raised part situated between the grooves, which is known as the 
dam, is denoted by 15; a indicates the groove angle, y ,,oove indicates the groove width, 
^"^hile y mdicates the dam width. Q represents the spiral angle co-ordinate. PI is the 

2C pressure at the internal diameter and P2 is the pressure at the external diameter. The shape 
of a logarithmic spiral is described by: 
r(e)-r 1 e9^^ 

By way of example, the (fe'pth of the grooves is approximately 0.15 mm, and 
there are ten grooves, with a groove/dam ratio of 1 :3 and a groove angle of 42^. 
2- It has been found that a significant fraction of gas leaving the introduction 

openings 4 moves along these grooves 9 (least resistance), thus imposing rotation on the 
wafer. 

Grooves of this nature may be formed in a subsequent stage, in contrast to the 
oblique drilled holes. 

I^ order to further ensure the uniformity of the gas supply over the wafer 
surface, the introduction openings 4 are arranged along an imaginary spiral line 8. The 
origin of this spiral is likewise situated in the vicinity of the desired centre 1 1 of the wafer. 

By varying the various parameters wWch determine the shape of the groove, it 
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is possible to control the rotational speed. Some of these factors include the depth of the 
groove, the groove angle, the groove/dam ratio, the number of grooves, etc. This can be 
influenced further by effectively positioning the introduction openings 4 with respect to the 
drive grooves 9. 

5 Tests have shov^Ti that with a continuous flow of gas a stable rotation of the 

corresponding wafer is achieved after approximately 10 seconds starting from an initial 
situation. Naturally, this too is dependent on the condidons, and this time can be reduced 
considerably depending on the requirements imposed. 

It will be understood that a corresponding design can be arranged on the 
^1 10 underside. All this depends on the intended treatment. The speed at which the wafer is 
Zl rotated is dependent on the process and preferably lies between 2 and 1 00 rpm. 

Ul Fig, 4 shows part of a variant of the invention. In this design, there are no 

spiral-shaped grooves, but rather a number of circle segments 19 which, in the design 
H illustrated in Fig. 4, lie on the same circle, hi the design illustrated in that figure, there are 

15 also gas-introduction openings 14 and 16. 
J^-i As in the preceding designs, the openings extend essentially perpendicular to 

the plane of the drawing. If gas is introduced through openings 14. in the design in 
accordance with Fig. 4 the rotation will be to the left, while if gas is supplied from the 
opemngs 16, rotation will be to the right. The position of the rotational drive grooves is 
2 0 selected to be in the vicinity of the edge of the wafer, since this maximises the drive 
moment and the efficiency of the driving. The efficiency of the rotational driving can be 
increased still further by injecting gas in the vicinity of one end of the groove and 
discharging gas in the vicinity of the-o'ther end of the groove. 

It should be understood that it is possible to use a number of circle segments of 
2 5 different radii. 

Moreover, it is possible to make various gas-introduction opemngs, optionally 
in combination with gas-discharge openings, which are likewise situated in the vicinit\^ of 
the circle segments. Moreover, in the latter case, the direction of flow between gas- 
introduction opening and gas-discharge opening can be periodically reversed, if desired. 

Moreover, it will be understood from the two variant designs shown above, that 
other groove patterns are possible; all that is important for the invention is that the local 
depression caused by the grooves imparts a rotation-creating component to the gas which is 
blown in the perpendicular direction and may be diverted in the horizontal direction before 
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the wafer. 

Although the invention is described above with reference to a preferred 
embodiment, variants which He within the scope of the appended claims will immediately 
be obvious to people who are skilled in the art after they have read the above text. Although 
5 the invention is described with reference to moving a wafer in a reactor, it can equally well 
be used for moving any other object in any other type of chamber. 
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Claims 

1 • Method for rotating a disc-shaped object (10), such as a wafer, wherein along a 

side of said object a gas flow is guided, giving a rotation to said object, wherein said gas 
flow is given the rotation generating component being tangential to said object by a pattern 
3 of grooves, characterised in lhal. said object is floatingly received in a compartment being 
closed on all sides, said object being substantially rotating only and in that along the other 
side of said object, a further gas flow is directed. 

2. Method according to claim 1, wherein said disc shaped object is provided 

substantially horizontal and said rotation generating gas flow is introduced at the upper side 
10 of said disc shaped object. 

^- Method according to Claim I or 2. characterised in that the said at least one gas 

flow is controlled using a pattern of spiral grooves. 

^- Method according to Claim 3, wherein the origin of the spiral lies in the 

vicinity of the desired centre (1 1) of the wafer, and the end of the spiral lies in the vicinity 
15 of the desired circumferential edge of the wafer. 

^- Method according to Claim I, wherein the said at least one gas flow is 

controlled using a pattern of grooves, which panem of grooves comprises circle segments, 
and at least one gas-introduction opening is arranged in the vicinity of the said circle 
segments. 

^' Method accordmg to Claim 5, in wherein at least one gas-discharge opening is 

arranged in the vicinity of the said circle segments. 

^- Method according to one of the preceding claims, wherein the wafer is rotated 

at 2-100 rpm. 

^- Reactor (1) for the floating, rotational treatment of semiconductor wafers, 

2 5 comprising a top part (2) and a bottom part (3), between which a chamber (12) which 

accommodates the wafer is delimited, the said top part and bottom part being provided with 
gas-supply openings, characterised in that a pattern of grooves (9, 19) is arranged in at least 
one of the said parts, said pattern of grooves imparts to the said gas flow a component 
which is tangential with respect to the said object. 

^- Reactor according to Claim 8, wherein the gas-introduction openings (4, 14, 16) 

extend essentially perpendicular to the top part (2) and/or bottom part (3). 
1 0. Reactor according to Claim 8 or 9. wherein the said pattern of grooves 

comprises a pattern of spiral-shaped grooves (9). 
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1 1 , Reactor according to Claim 10, wherein, in at least one of the said parts, the 

said gas-supply openings (4) are arrai)gcd along a spiral line (8). 

12, Reactor according to Claim 10 or 11, wherein the origin of the said spiral lies in 
the vicinity of the desired centre (11) of the wafer (10), and the end of the said spiral lies in 
the vicinity oftbc desired circumferential edge of the wafer. 

13. Reactor according to one of Claims 1 i oi i2. wiierem the said supph openings 
(4) are arranged next to the said spiral grooves (9). 

14. Reactor according to one of Claims 11-13, wherein the said spiral grooves are 
designed so as to widen in the direction of flow. 

10 15. Reactor according to Claim 8, wherem the said pattern of grooves comprises 

circle segments (19), and at least one gas-introduction opening is arranged in the vicinity of 
the said circle segments. 

1 6. Reactor according to Claim 15, wherein at least one gas-discharge opening is 

arranged in the vicinity of the said circle segments. 
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Post Office Address: Zomeriand 42, NL-5ee3 HV GELDROP, the Netheriands 

Full name of fourth inventor. RUIJL. Theo Aftiee jgaiia„.----- 
Inventor's signature 




Date I? SeEteafcer 2001 Country of Citizenship: the Netherlands 

Residence: B ochQltz. tt >e Nettierlands UlJ^ 

Post Office Address: VIeugendaal 64, NL-6351 HE BOCHQLTZ, the Netherlands 

CHECK PROPER BOX{ES) FOR ANY ADDED PAGE(S) FORMJNG A PART OF THIS DECLARATION 
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[m\ SOLEflfOINiTINVENTrON 

ASSIGNMENT 



WHEREAS, I/WE; 
KUZNETSOV, Yladimir Ivnnmich 
acitizenof residingat 
llie Netherlands Buenos Airesstaiat 8 

NL-2622AX DELFT 

tbeKe&etlaads 

RADELAAR, SQbma 

acitizeaof reading at 

theNdhedands Soestdijksew6g37S 

NL-3723 HK BILTHOVBN 

iheNe&erl^nds 

VAN DER SAJJDEN, Jacobus Comefis Gerardns 

residingat.. 

theNeiJifirlands Zowfiriaiid42 

NL-5663 HV GELDROP 
the Netherlands 

RUIJL, Theo Anjes Maria 

I'^^'^f residingat 
the Netherlands Vleugendaal 64 

NL-6351 HE BOCHOLTZ 
theNetheriands 

as assignors), h«ve made an invaition cntitledr 
Metiiod and device for rotating a wafer 

for vAich FwB have; 

(a) ffled an application fat United States Letters Patent 
on September 7, 2001 

(SetialNo. 09/936,257 

(b) executed an ^Uwlicai for United States Letters 
Patron 

and 

neppectivefy; and 

national phase of tetamatiDnal appHcation PCT/NL00A)0154 filed 8 March 2000 

WHmEAS, AiSaW Ihtemartional N.V. 
a coiporafiott of the Netheriaiwls 
wbose post office address is: p.o. Box 100 

NL-3720AC BEJHOVEN 
theNetheriands 

WHEREAS, KoninkmiEe PhiHps Electronics N.V. 

a corparataon of flie Nefliedands 

whose post ofBce address is; Groenewoodseweg 1 

NM521 BA EINDHOVEN 
^Netherlands 
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Witness; 





(Siguahae of finst assignor) 
Date J3.'5^ecrbeir 2001 



Witness; 





(Signature of second assignor) 
Date 13 Septeriber 2001 



Witness: 





D«te 13 Septenter 2001 



Witoess: 





(Signature of fomth assigoor) 
Date 13 S^steHjber 2001 



